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There are an important situation called-volatility uncertainty’ in financial researches
which the uncertainty comes from the-volatility coefficient’. In order to study the finan-
cial problems with ’volatility uncertainty’, attention was paid to the research of nonlinear
expectation by some scholar. In 1995, Avellaneda and Lévy began to study the pricing and
hedging of derivative securities in the case of uncertain variables. They obtained a nonlin-
ear partial differential equation, which called Black-Scholes-Barenblatt equation, to price
and hedge derivative securities. Ten year later, Denis and Martini constructed a theoretical
framework of quasi-surely analysis for the pricing of contingent claims in the presence of
model uncertainty.
In 2005, based on the the theory of stochastic optimal control and a type of nonlinear
heat equation, Peng established the notion of G-expectation. As a sublinear expectation, G-
expectation space can be regarded as a generalization of classical probability space. Within
this G-expectation framework, the G-Brownian motion is the canonical process. Besides, the
notions of the G-martingales and the Itô’s integral with respect to G-Brownian motion were
also derived. There are some new structures in these notions and some new applications in
the financial models with volatility uncertainty.
Then, Denis, Hu and Peng fund that G-expectation can be represented as a kind of
upper-expectation. This research findings built a link between the G-expectation and the
results of Denis and Martini. The following researches of G-expectation are mainly con-
centrated in the proof of G-martingales representation theorem. With the efforts of some
researchers, G-martingales representation theorem was proved. It has the following form:




This theorem is different from the result in classical framework, because of the presence
of Kt. How to understand and solve this new decreasing G-martingale become a difficult
concern in the following researches.
In classical probability framework, Peng set up a class of backward stochastic differen-
tial equation. There are a lot of applications of Backward Stochastic Differential Equations
(BSDEs) in stochastic optimal control, finance and risk management. Inspired by the G-
martingales representation theorem, hu, Ji, Peng and Song began to consider the BSDEs



























The above researches laid the foundation of stochastic analysis under G-expectation. In this
paper, we try to prove some important results under G-expectation.
The H-J-B equation is an important achievement in the researches of stochastic optimal
control. In classical framework, we can construct a stochastic optimal model by BSDE as a
cost function and prove that the value function is the viscosity solution of H-J-B equation.
Under G-expectation, we try to construct a stochastic optimal model by the G-BSDE firstly.
Then we obtain the dynamic programming principle and H-J-B equation.
In order to study pricing of the path-dependent exotic option, Dupore introduced a
type of functional Itô’s integral and path-dependent partial differential equation. There are
some researches in this field, what had done by some scholars. In these researches, a link
between path-dependent PDEs and G-expectation was build by Peng in 2011. Besides,
some researcher provided the definition of viscosity solution of path-dependent PDEs and
try to give the existence of the viscosity solution. In this paper, we give a relationship
between BSDEs driven by G-Brownian motion and path-dependent PDEs, which can be
called Feynman-Kac formula for path-dependent PDEs.
Meanwhile, Soner, Touzi and Zhang found a class of second order backward stochastic
differential equation. They studied second order BSDE quasi-surely under a set of local
martingale measures. Their results can be use to solve some problems in nonlinear PDEs,
stochastic optimal control and financial model under parameter uncertainty. The theory of
second order SDEs have a broad contact with the framework of G-expectation and they have
some similar results. In this paper, we establish the existence and uniqueness of a kind of
generalized second order BSDEs. These results generalize the results of Pardoux and my
supervisor.
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